Andrographis paniculata (Burma f.) Wall ex Nees (Acanthaceae) is a common weed distributed throughout the tropical and subtropical regions. All parts of A. paniculata are extremely bitter in taste. This plant is well known in Siddha, Ayurvedic and traditional (tribal) systems of medicine in India. A. paniculata is used for the treatment of infectious diseases, which account for the major proportion of health problems, and which are most often used in the traditional system of medicine. The major active components of the plant are andrographiloids, which have been extensively studied in a variety of models including human clinical trials for their therapeutic effects. Moreover, A. paniculata is known to have very low toxicity in animals and humans. The plant also exhibits antifertility effects. Most of the traditional uses of the species have some scientific basis. This review is an attempt to summarize the available information on A. paniculata for further investigation.
been using this herb for treating a variety of ailments in India. The herb possesses astringent properties used to cure bronchitis, cholera, diabetes, influenza, inflammation, itch, piles, gonorrhoea, liver disorder, jaundice and arresting dysentery. A decoction obtained from A paniculata is used as a bloodpurifier. The leaf juice of A. paniculata, combined with cardamom, clove and cinnamon, is used for the treatment of stomach ailments in children. The root decoction has analgesic properties and is used to cure pain and swelling and as a stomachic and anthelmintic. It has beneficial effects in reducing diarrhea and bacterial infections. A. paniculata is used to reduce body heat and cure fever. It may also help prevent colds and some evidence suggests that it might stimulate immunity [3] . Preliminary studies in animals proved that A. paniculata might be useful for preventing heart disease [4] [5] [6] [7] . Several authors have reported that the plant may be protecting the liver from toxic injury [8] [9] [10] [11] . It also appears to stimulate gallbladder contraction [12] , but does not appear to have any antibacterial effects [14] . It acts as an antipyretic to reduce fever caused by infections, both in humans as well as animals. A. paniculata prevents blood clotting. It also acts as a cardioprotective and choleretic, and has depurative, digestive, expectorant, hepatoprotective, hypoglycemic, immune enhancement, laxative, thrombolytic and vermicidal (intestinal worms) properties [15] . Several other diseases, such as cervical erosion, pelvic infection, otitis media purulence, cutaneous gangrene in infants [16] , leprosy [17] , herpes [18] , chicken pox, mumps [19] , neurodermatitis, eczema, and burns were effectively treated by combinations of A. paniculata. When cobra venom was given to mice, A. paniculata prolonged survival time and postponed the occurrence of respiratory failure caused by the venom [20] .
Phytochemistry
The leaves and roots are used for the extraction of active principles. The major active component of A. paniculata is andrographolide ( Figure 1C ). The leaves contain the highest amount of andrographolide (2.39%) compounds, whereas the seeds have the lowest content [21] . The other bitter principles (diterpenoids viz. deoxyandrographolide-19ß-Dglucoside and neo-andrographolide) have been isolated from the leaves [22] . The roots gave apigenin-7,4'-di-O-methyl ether, andrographolide and a new natural flavone, 5- [23] . Flavonoids, including 5,7,2',3'-tetramethoxyflavanone, as well as several other flavonoids, andrographolide diterpenoids, and polyphenols were obtained from the whole plant of A. paniculata [24] . Several other compounds, like androechin, a new chalcone glucoside from A. echioides [25] , a flavone glycoside from A. alata [26] , two new 20-oxygenated flavones from A. elongata [27] , and two acylated flavone glycosides from A. serpyllifolia [28] have also been reported. Six new compounds were isolated from the aerial parts of A. paniculata [29] .
Pharmacology
The plant extracts exhibit anti-typhoid activity against Salmonella typhi and anti-fungal activity against Helminthosoprium sativum. The ether and saline extracts showed antibacterial activity against Micrococcus pyogenes var. aureus, and Escherichia coli. The plant is also reported to possess antihepatotoxic, antimalarial, antithrombogenic, antiinflammatory, antisnake venom, antipyretic and immunostimulant properties. Andrographis sp. stopped the spread of the Indian flu epidemic in 1919 [21] . A. paniculata is a promising herb for the treatment of many diseases, including HIV and AIDS. Andrographolide esters have been found as inhibitors of the HIV virus. The esters were non-toxic to H9 cells at 1.6 -3.1 µg/mL concentrations. They also inhibited HIV-1 and HIV-2 virus. A. paniculata is a potent stimulator of immune and antigen-specific responses. Antibodies are made to counteract an invading microorganism and produce a non-specific immune response, whereby the body's macrophage cells scavenge and destroy intruders. These mechanisms make Andrographis sp. effective against a variety of infectious and cancer-causing agents. Dried extract of A. paniculata induces relaxation of the uterus by blocking voltage operated calcium channels and inhibits Ca (+2) influx [30] .
Antibacterial activity: A. paniculata showed antibacterial and antifungal activity [13] . Another report supported that the isolated andrographolide showed significant antimicrobial activity [31] , and the activity mainly depends on the concentration of active constituent andrographolide [32] . In an animal study, ninety-six rats were fed high daily doses of A. paniculata ranging from 0.12-24 g per kg body wt. for 6 months. Antibacterial activity was not detected in the supernatant of lung parenchyma and liver tissue tested on culture media containing bacteria [14] . Whereas, a single dose of A. paniculata stems and leaves (1, 2, 3 and 6 g) was orally given to ten healthy volunteers in a randomized manner and blood samples taken at 0, 1, 2, 4, 8 and 24 h after treatment. Bactericidal activity was not detected in any of the sera tested against Bacillus spores (Shigella, Salmonella typhi, S. aureus). However, the in vitro study proved its antimicrobial activity than the animal model and human clinical trails.
Antimalarial and filaricidal activity:
The crude extract of A. paniculata exhibited potent antimalarial activity against Plasmodium falciparum (IC 50, 6 mg/mL) against the resistant, compared to the sensitive, strain (IC 50, 40 mg/mL) [33] . A. paniculata extract was evaluated for antimalarial activity against Plasmodium berghei. The extract inhibited the multiplication of the parasites [34] and demonstrated a higher antimalarial effect in vivo [35] . A. paniculata extracts effectively inhibited filaria that obstructs lymph channels in the body, leading to gross swelling (elephantiasis) [36] . In a study performed on dogs, there was no sign of toxic effects. [29] . In vivo anti-malarial sensitivity testing of xanthones on Swiss Albino mice with Plasmodium berghei infection using Peters' 4-day test gave substantial reduction (62%) in parasitaemia after treating the mice with a 30 mg/kg dose. In vitro cytotoxicity against mammalian cells revealed that 1,2-dihydroxy-6,8-dimethoxyxanthone was noncytotoxic with an IC 50 > 32 µg/mL [37] .
Antidiarrheal and intestinal effects:
A. paniculata extract showed significant effects against E. coli bacterial infections [38] . Andrographolide and neoandrographolide (A. paniculata) showed similar activity to loperamide, the most common antidiarrheal drug. Acute bacterial diarrhea in patients was treated with 500 mg of andrographolide for 6 days (2.5 to 3.0 mg/kg of body weight). There were 66 cures out of 80 patients treated. Seven additional patients responded favorably to the treatment and only seven patientsdid not respond. The effectiveness of the treatment was confirmed by laboratory tests of stool samples. A. paniculata was used to treat 1,611 cases of bacterial dysentery and 955 cases of diarrhea, with overall effectiveness of 91.3% [31] . A. paniculata was effective against bacterial dysentry and diarrhea due to its antibacterial action. The andrographolides were very effective in stopping the diarrhea. Chronic inflammation of the colon was treated with a decoction of a combination of A. paniculata (60 g ) and Rehmannia glutinosa (30 g ). The mixed decoction was used as an enema at doses of 100 to 150 mL each night for fourteen days. Out of 85 patients examined, 61 were cured and 22 had symptomatic relief.
Antifertility effects in rats:
Dry leaf powder of A. paniculata (105 mg/kg body weight) controlled development and maturation of sperm cells after 60 days of treatment [39] . The antifertility effect of sundried (2 gm/kg body weight) A. paniculata powder was tested in female mice every day for 6 weeks. The animals were not pregnant after mating (5 times) with proven fertile males that were not treated with A. paniculata. The untreated mice had normal litters when bred with similar males. A. paniculata prevented ovulation [17] . Another study with female mice, using 250 mg/kg body weight of dehydroandrographolide, indicated that it affects the pregnancy. The active compound, andrographolide, caused an antifertility effect when given at 2 g/kg body weight daily for 6 weeks. All female mice failed to become pregnant when mated with males of proven fertility. Of the control females, 95.2% became pregnant when mated with a similar group of male mice. Andrographolides appear to accumulate in organs after 48 h [40] .
Anti-ulcerogenic activity:
A. paniculata extract was found to possess antiulcerogenic activity. It reduced the development of ulcers by 31%, while the standard drug, cimetidine had an 85.4% reduction rate. Andrographolide caused a significant decrease in total stomach acidity and acid stomach juice secretion without any side effects associated with ulcer therapy. A. paniculata extracts were found to produce significant results, comparable to aspirin (200 mg/kg body weight) [41] . There was a wide margin of safety in using A. paniculata extracts, an indication of the lack of toxicity.
Antihyperglycaemic activity: Oral administration of the ethanolic extract of A. paniculata at different doses (0.1, 0.2, and 0.4 g/body weight) significantly reduced the fasting serum glucose level in STZdiabetic rats, compared to the vehicle (distilled water), but not in normal rats. The ethanol extract of A. paniculata possesses antidiabetic properties [42] . Oral treatment with andrographolide decreased the plasma glucose concentrations in streptozotocin-induced diabetic rats in a dose-dependent manner [43] . Andrographolide (1.5 mg/kg) significantly increased the plasma glucose induced by an intravenous glucose challenge test in normal rats. Andrographolide increased glucose utilization to lower plasma glucose in diabetic rats lacking insulin. The blood glucose lowering effects of an aqueous extract of A. paniculata was conducted in normoglycaemic and STZ-diabetic rats. Significant reduction in blood glucose level (52.9%) was found when hyperglycaemic rats were treated with an aqueous extract of A. paniculata at 50 mg/kg body weight. This effect was enhanced when freeze-dried material was used, when 6.25 mg/kg body weight gave 61.8% reduction in blood glucose level. In normoglycaemic rats, no significant reduction was noted [44] .
Hepatoprotective activity: Andrographolide from A. paniculata exhibits protective effects on carbon tetrachloride induced hepatopathy in rats. The LD 50 in male mice was 11.46 g/kg, i.p. [45] , whereas, for an aqueous ethanolic extract of the whole plant, it was 215 mg/kg i.p. in mice [46] . Andrographolide is also claimed to give liver protection under various experimental conditions of treatment with galactosamine [47] , and paracetamol [10] . The hepatoprotective action of andrographolide is related to the activity of certain metabolic enzymes [48] [49] [50] [51] . The modulatory influence of A. paniculata on cytochrome P450 (CYP) enzymes was determined by administration of the crude extract to male mice. Total hepatic P450 content was not significantly modified by either the aqueous or the alcoholic extracts. Assessment of hepatic microsomal P450 activities indicated that both the aqueous and alcoholic extracts of A. paniculata significantly increased ethoxyresorufin O-dealkylase and pentoxyresorufin O-dealkylase activities, while those of methoxyresorufin O-dealkylase activities were not elevated. A. paniculata might affect hepatic cytochrome P450 enzymes, of which CYP1A1 and CYP2B are the responsive P450 isoforms [52] .
Clinical trials of therapeutic agents
Prevention of angioplasty: The comparative effects of andrographolide extract and fish oils were studied in 82 angioplast patients. Angioplasty showed that dilated iliac arteries in the control group (57%) had severe restenosis after 4 weeks. Andrographolide treated patients showed only a minor incidence of restenosis. The fish oil-treated group had restenosis as severe as the stenotic degree of the control group.
Andrographolide was found to be markedly superior to fish oils in alleviating arterial restenosis, as well as restenosis following angioplasty [11] . Preliminary results showed that andrographolide could significantly alleviate atherosclerotic iliac artery stenosis induced by de-endothelization, high cholesterol diet and restenosis following angioplasty. The extract significantly decreased in vitro resting platelets (Ca++) and in vivo resting and thrombinstimulated platelets (Ca++) after oral administration of andrographolide for 2 weeks. It has a potential platelet activating factor (PAF) antagonistic activity in bovine neutrophils at 10-100 µM, due to its calcium channel blocking property [53] . Andrograpanin enhances chemokine SDF-1alpha-induced leukocytes chemotaxis [54] .
Prevention of cold symptoms:
Three double-blind placebo-controlled studies of 250 participants have shown that andrographis significantly reduces cold symptoms [55] [56] . A double-blind placebocontrolled trial of 158 adults with colds found that treatment with andrographis significantly reduced the cold symptoms after 4 days [57] . When Andrographis extract (1.2 g standardized to contain 5% andrographolide) was given to 4 individuals for 2 days, the treatment showed significant improvements in symptoms as compared to participants in the placebo group. The greatest response was seen for nasal drainage and sore throat. Similar benefits were seen in two double-blind placebo-controlled studies of a combination treatment containing both Andrographis and Eleutherococcus given to 200 individuals [58] . Another double-blind study, which involved 152 adults, compared the effectiveness of Andrographis (doses of 3 g or 6 g/ day, for 7 days) to acetaminophen for the treatment of sore throat and fever [59] . The higher dose of Andrographis (6 g) decreased symptoms of fever and throat pain to a greater extent than acetaminophen, while the lower dose of 3 g) were not effective. There were no significant side effects in either group. According to one double-blind placebo-controlled study, Andrographis may increase resistance to colds [60] . A total of 107 students (18 years old) participated in a 3 months trial that used a dried extract of Andrographis. Treatments of common colds were carried out using a combination of A. paniculata with Echinacea purpurea extract (Kan Jang) in 130 children (4 -11 yrs old) for 10 days. It was found that the adjuvant treatment with Kan Jang was significantly more effective than Immunal [61] .
Prevention of cardiac and cerebral vascular diseases: Rabbits received A. paniculata for 3 days before angioplasty and for 4 weeks after surgery. A. paniculata extract was shown to significantly prevent constriction of blood vessels. While arterial narrowing occurred in 100% of animals not given A. paniculata, only 70% of those receiving A. paniculata showed narrowing [62] . Electrocardiographs showed that abnormal changes in heart readings were prevented by pretreatment with A. paniculata. Clumping of platelets was inhibited and clotting was not induced by A. paniculata [63] . An additional effect of A. paniculata was activation of fibrinolysis, the natural process in the body that dissolves clots to prevent cardiovascular disease. A. paniculata produced antihypertensive effects [64] . The extract was given intravenously to hypertensive rats. Noradrenaline, a hormone secreted by the brain, acts to constrict blood vessels and increase heart rate, blood pressure, and blood sugar levels. A. paniculata inhibited the increase in blood pressure that is caused by noradrenaline. A. paniculata has an antihypertensive effect because it relaxes the smooth muscle in the walls of blood vessels. This relaxation prevents the blood vessel from constricting and limiting blood flow to the heart, brain, and other organs in the body. A. paniculata keeps blood, and therefore oxygen, flowing to the brain. Diminished blood flow to the brain can cause short-term memory loss, ringing in the ears, dizziness, headaches, depression, and impaired mental performance.
Treatment of cancer:
A. paniculata has anti-cancer [3] properties. It is effective due to the boosting of the immune system. A. paniculata contained terpenes which are known to cause differentiation of cancer cells. The study reported that A. paniculata had potent cell differentiation-inducing activity on leukemia cells [64] . In addition to causing cancer cell differentiation, A. paniculata extracts from the leaves are also cytotoxic against cancer cells. The cancer cell-killing ability was proved against human epidermoid carcinoma of the skin lining of nasopharynx and lymphocytic leukemia cells [65] . Andrographolide was shown to have the cancer cell-killing abilities. It also enhanced proliferation and interleukin-2 (IL-2) induction in human peripheral blood lymphocytes [66] . Andrographolide induces cell cycle arrest and mitochondrial-mediated apoptosis in human leukemic HL-60 cells [81] . A. paniculata showed a unique effect on malignant cells. Sixty patients with malignant tumor conditions were treated with compounds derived from A. paniculata. Forty-one of these patients had confirmed metastasis of the lesions. Twelve patients treated with A. paniculata alone recovered. Of these, four women subsequently became pregnant. Among the patients treated with other drugs in addition to A. paniculata, 47 did not experience a regrowth of the tumor during the time of the study. Patients with an anal tumor showed significant improvement after treatment with a decoction of A. paniculata. A decoction of A. paniculata (500 mL) mixed with 10 mL of vinegar was used for anal tumor treatment by sitz bath for 15 minutes twice a day [67] . The effect of andrographolide and its novel semi-synthetic analog DRF 3188 was determined on the cell cycle of MCF-7 breast cancer cells. The results show that both compounds block the cell cycle at the G0-G1 phase through the induction of the cell cycle inhibitor. Both compounds produced their anti cancer activity by a similar mechanism [68] [69] .
Treatment for HIV:
A. paniculata showed an inhibitory effect on HIV replication [70] . Andrographolide, neoandrographolide and 14-deoxy-11,12-didehydroandrographolide, ent-labdene diterpenes isolated from A. paniculata, showed viricidal activity against herpes simplex virus 1 (HSV-1). None of these compounds exhibited significant cytotoxicity at viricidal concentrations [71] . Novel bis-andrographolide and other related compounds showed anti-HIV activity [72] .
Dehydroandrographolide succinic acid monoester (DASM) and andrographolide from A. paniculata inhibited the human immunodeficiency virus (HIV). It was non-toxic to the H9 cell at 50-200 µg/mL concentrations and inhibited the HIV-1 (IIIB) at the minimal concentration of 1.6-3.1 µg/mL. It also inhibited other strains of HIV-1 and HIV-2. This inhibitory effect was demonstrated in human blood mononuclear cells at 0.8-2 µg/mL doses. DASM partially interfered with HIV-induced cell fusion and with the binding of HIV to the H9 cell at subtoxic concentrations. It also interfered with HIV replication [73] . A phase I clinical trial of andrographolide from A. paniculata was conducted in 13 HIV positive patients and 5 HIV uninfected, healthy volunteers. The treatment regimen was 5 mg/kg body weight for 3 weeks, escalating to 10 mg/kg bodyweight for 3 weeks, and to 20 mg/kg body weight for a final 3 weeks. A significant rise in the mean CD4 (+) lymphocyte level of HIV occurred after administration of 10 mg/kg andrographolide. There None of these compounds exhibited significant cytotoxicity at viricidal concentrations.
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Treatment for fever:
Andrographolide, neoandrographolide, and dehydroandrographolide reduced the fever produced by different feverinducing agents, such as bacterial endotoxins, Pneumococcus, hemolytic Streptococcus, typhoid, paratyphoid, and 2,4-dinitrophenol in rats [31, 76] . There was a reduction in rectal body temperature with 30, 100, and 300 mg/kg body weight of andrographolide. While the analgesic activity of andrographolide extracted from A. paniculata was weak compared to aspirin, the anti-pyretic activity was comparable to it. The study showed that 300 mg/kg body weight of andrographolide was as effective as the same amount of aspirin.
Treatment for inflammation: The andrographolides of
A. paniculata (deoxyandrographolide, neoandrographolide, dehy-droandrographolide and dehydroandrographolide) showed effects against chemical induced inflammation. Inflammation caused by histamine, dimethyl benzene, croton oil and acute pneumocystis produced by adrenaline was significantly reduced [31] . Andrographolides showed the most significant anti-inflammatory effect among the tested compounds. This anti-inflammatory effect and its mechanism involved the adrenal glands. The effect disappeared when adrenal glands were removed from experimental animals. Further study confirmed that the anti-inflammatory action of dehydroandrographolide was due to its effect on increasing synthesis and release of andrenocorticotrophic hormone (ACTH) from the pituitary gland of the brain. ACTH signals the adrenal gland to make cortisol, a natural anti-inflammatory [31] agent. A. paniculata significantly inhibited 60.0% and 62.7% of edema at concentrations of 200 mg/kg and 400 mg/kg body weight, respectively [26] .
Effects on nervous system: Plant derived agents are not usually able to penetrate the blood-brain barrier. However, andrographolide concentrates in the brain and particularly in the spinal cord [70] . Previous studies reported that A. paniculata showed a sedative effect. When A. paniculata was given in place of barbital as an anesthetic, the animals became sedated more quickly and the anesthesia lasted longer [31] . The studies indicate that A. paniculata may act at the barbital receptors in the brain.
Protection of liver disorder:
A. paniculata compounds were tested for a protective effect in mice against liver toxicity induced with carbon tetrachloride [8] . When the A. paniculata compounds were given to animals 3 days before the toxic chemicals, there was a significant protective effect seen in the liver. This effect was attributed to the antioxidant ability of the A. paniculata compounds. Andrographolide was shown to produce a significant increase in bile flow [12] . In twenty cases of infective hepatitis (hepatitis A), men and women were treated with a decoction of A. paniculata (40 g ) for 24 days. The yellowing of the conjunctiva of the eye and urine returned to normal coloration in all the patients. Ninety percent of the patients regained their appetite and 83% had relief from general depression. Overall, 80% of the patients were considered cured and 20% improved, based on biochemical tests and changes in symptoms. In a similar study conducted in China, 112 cases of hepatitis were successfully treated in 83% of patients [31] .
Protection on respiratory system: A. paniculata was superior to a placebo in alleviating the symptoms of uncomplicated upper respiratory tract infection in 7 double-blind, controlled trials (n = 896). There is also preliminary evidence for a preventative effect. A. paniculata may be safe for the efficacious treatment of upper respiratory tract infection [77] . Andrographolide has been used to treat tonsilitis, respiratory infections and tuberculosis.
Toxicity studies
When A. paniculata (10 g/kg body weight) extract was orally administered to mice for 7 days, none of the mice died, but the higher dose reduced normal activity. Organs such as heart, kidney, liver, and spleen were found to be normal in animals. A. paniculata (500 mg/kg) given to mice daily for 10 days, had an effect on growth and appetite. The animals were energetic and results of complete blood counts were normal. In rabbits given intravenous andrographolide (10 mg/kg.), there were no abnormal cardiovascular responses. Enzymes tested in heart, liver, kidney, and spleens were normal in these animals [78] . When andrographolide (1 g/kg b.w) was given orally to rabbits for 1 week, the compound did not affect body weight, liver, kidney, blood counts and other organ function [32] . The formal toxicological studies for the safety of A. paniculata conducted in animal models and human clinical trails proved that the andrographolide and other related compounds of A. paniculata had very low toxicity. Toxicity of A. paniculata was LD 50 -13.4 g/kg. One to 2 g doses of Andrographis were given to humans 3 times daily. Andrographis standardized to 4 -6% of andrographolide content did not show any side effects. Participants were monitored for changes in liver and kidney function, blood counts, and other measurements of toxicity [21] . There was no evidence of testicular toxicity in male rats given 1 g/kg body weight daily for 60 days [79] . One group of female mice did not fare well on high doses of Andrographis [17] . Diterpenes from A. paniculata showed potent cell differentiation-inducing activity towards mouse myeloid leukemia (M1) cells [63] .
Mechanisms of action
A. paniculata has been extensively studied for pharmacological activity, safety, efficacy and mechanisms of action. [70] . The extracts have been shown to counteract interference with the cell cycle. Such interference is the basis for the development of cancer or infection with viruses such as HIV-1. Andrographolides enhance immune system functions such as production of white blood cells, release of interferon, and activity of the lymph system.
Interferon, a protein made by cells in response to viruses, is a potent antiviral agent and is also antiproliferative. In the lymph system, this is an important part of the immune system. The lymph carries away the by-products of cellular metabolism and also acts as a shuttle for invading bacteria and viruses. The wide tissue and organ distribution and the immune-stimulating and regulatory actions of A. paniculata make it an ideal candidate in the prevention and treatment of many diseases and conditions [80] .
Conclusion
Overall, scientific evidence indicates that andrographolides are naturally occurring compounds with low toxicity. Most traditional uses of Andrographis have a scientific basis. Although A. paniculata is known to have very low toxicity, women wishing to become pregnant should avoid using this plant because of its known antifertility effects.
